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Abstract
Background: Cerebrospinal fluid (CSF) drainage via ventricular puncture is an 
established therapy of elevated intracranial pressure (ICP). In contrast, lumbar CSF 
removal is believed to be contraindicated with intracranial hypertension.
Methods: We investigated the safety and efficacy of lumbar CSF drainage to 
decrease refractory elevated ICP in a small cohort of patients with traumatic brain 
injury (TBI). A score (0–8 points) was used to assess computed tomography (CT) 
images for signs of herniation and for patency of the basal cisterns. All patients 
received lumbar CSF drainage either as a continuous drainage or as a single lumbar 
puncture (LP). Type and method of CSF drainage, mean ICP 24 h prior and after 
CSF removal, and adverse events were documented. Outcome was assessed 
after 3 months (with dichotomized Glasgow outcome scale).
Results: Eight patients were evaluated retrospectively. n = 5 suffered a moderate, 
n = 2 a severe TBI (one Glasgow coma score not documented). The CT score 
was ≥5 in all patients prior to LP and decreased after puncture without clinical 
consequences in two patients. The amount of CSF removal did not correlate with 
score changes (P = 0.45). CSF drainage led to a significant reduction of mean 
ICP (from 22.3 to 13.9 mmHg, P = 0.002). Continuous drainage was more effective 
than a single LP. Three of eight patients reached a favorable outcome.
Conclusions: Lumbar CSF removal for the treatment of intracranial hypertension 
is effective and safe, provided the basal cisterns are discernible, equivalent 
to ≥5 points in the proposed new score. The score needs further validation.
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INTRODUCTION

Traumatic brain injury  (TBI) is a major cause of 
morbidity and mortality and a leading cause of death with 
an estimated annual incidence of 262  cases per 100,000 
population in Europe.[15] An increase in intracranial 
pressure  (ICP) is one of the key pathogenic mechanisms 
for the development of secondary brain damage and for 
poor outcome after TBI.[10,16]

Over the last decades, a standardized, evidence‑based 
staircase approach to treat increased ICP was 
developed.[2,18] Whereas external ventricular drainage of 
cerebrospinal fluid (CSF) via frontal burr‑hole craniostomy 
is one established method to reduce intracranial 
hypertension,[13,19] only a few studies have evaluated 
the safety and usefulness of lumbar CSF removal in 
the setting of raised intracranial hypertension.[1,8,12,19] 
Supratentorial and/or infratentorial herniation remains a 
major concern under these circumstances.[4,6]

The aim of this pilot study was to analyze imaging 
changes seen in patients undergoing lumbar CSF removal 
to treat posttraumatic intracranial hypertension, and to 
develop a score that would permit to estimate the risk of 
cerebral herniation associated with lumbar CSF drainage.

MATERIALS AND METHODS

Ethical considerations
All data were collected as part of the routine 
documentation during the hospital stay and evaluated 
retrospectively. Subsequent analyses were performed 
on anonymized data. Therefore, Institutional Review 
Board approval was waived according to Austrian 
regulations. We consider the publication of this study in 
accordance with Art. 37 of the Declaration of Helsinki 
that “unproven interventions  (.) should subsequently be 
made the object of research. In all cases, new information 
must be recorded and, where appropriate, made publicly 
available.”

Study setting
All patients were treated in the neurosurgical intensive 
care unit of the Neurosurgical Department of the Medical 
University of Innsbruck, Innsbruck, Austria, a class  III 
trauma center.

Indication for lumbar cerebrospinal fluid removal
The decision to place a lumbar drainage (LD) was based 
on an interdisciplinary consensus of clinicians with 
expertise in neurosurgery and neurointensive care. The 
patients belonged to two groups:  (1) they either had 
already narrow ventricles, so that ventricular puncture 
was believed to be difficult and/or only of short‑term 
efficacy, or  (2) they demonstrated a discrepancy between 
ICP measured with intraparenchymal devices and 

morphological findings on CT scans believed to cause 
elevated ICP, such as diffuse brain swelling.

Procedures
All patients undergoing lumbar CSF removal for the 
treatment of refractory ICP after moderate or severe 
TBI between November 2011 and December 2014 were 
included. All patients had an intraparenchymal ICP 
monitoring device in place. Recommended guidelines 
for the care of patients with TBI were followed in all 
patients. Refractory ICP was defined as ICP >25 mmHg 
after having received standardized and escalating 
nonsurgical treatment, according to standard operating 
procedures  (e.g.,  deepening of sedation, hyperosmolar 
therapy, and mild hyperventilation) and following the 
guidelines of the Brain Trauma Foundation.[2] Once 
medical therapy had failed, lumbar CSF removal 
was contemplated to avoid an undue prolongation of 
sedation[5,14] or as an intermediate step prior to proceed 
with decompressive craniotomy or barbiturate coma.

Lumbar CSF drainage was initiated either by single 
lumbar puncture  (LP) with the patient in the lateral 
recumbent position, or by placing an intermittently open 
LD (both referred to as LP), or by placing a continuously 
open LD. In all patients with a continuous drainage, CSF 
was drained at the level of the foramen of Monroe. LP was 
performed between days 1 and 13 after trauma. ICP values 
and adverse events were recorded. For data interpretation 
the hourly ICP  values of the 24 h preceding and the 
24 h following the lumbar CSF access were averaged. 
Clinical outcome was determined after 3  months using 
the Glasgow outcome score  (GOS), dichotomized into 
favorable (GOS 4 and 5) and unfavorable (GOS 1–3).

All patients underwent CT scanning within 8 h prior 
and after LP or LD. Spatial intracranial relationships 
were evaluated systematically by analyzing the width of 
the prepontine cistern, the width of the quadrigeminal 
cistern, and evaluate signs of uncal and/or foraminal 
herniation. Uncal herniation was defined as either present 
or absent in case of prolapse of the uncus temporalis 
below the linea of the upper tentorial margin. Foraminal 
herniation was defined as the cerebellar tonsil(s) at or 
below the level of the occipital foramen. A  point value 
was assigned to alterations associated with each item 
based on empirical grounds  [Table 1]. A minimum score 
of 5 or higher was believed to be necessary to ensure a 
safe removal of lumbar CSF.

Table 1: Score to assess the safety of lumbar CSF drainage

Prepontine 
cistern

Quadrigeminal 
cistern

Uncal 
herniation

Foraminal 
herniation

Normal: 2 Normal: 2 Absent: 2 Absent: 2
Compressed: 1 Compressed: 1 One side: 1
Not discernible: 0 Not discernible: 0 Both sides: 0 Present: 0
Interpretation: Score≥5, LP or LD feasible: <5, LP or LD not feasible
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Statistical analysis
Standard methods of descriptive and inferential statistics 
were used. A  P  value  <0.05 was considered statistically 
significant. Values are expressed as mean ± SD. Unpaired 
Student’s t‑test was used to test for significance between 
groups because all measures were adequately normally 
distributed. Statistical calculations were performed 
by using a statistical software package  (IBM® SPSS® 
Statistics, Version 21.0).

RESULTS

Clinical data of eight patients is summarized in Table 2. 
The average age was 54.1  years  (range 27–70  years). Six 
patients were males  (75%). The initial Glasgow coma 
score  (GCS) ranged from 3 to 15. The patients had 
either suffered severe  (n = 2) or moderate  (n = 5) TBI. 
In one patient the initial GCS was not documented. Five 
patients underwent prior evacuation of an intracranial 
hematoma either by osteoplastic  (n  =  2) or by 
osteoclastic (n = 3) craniotomy.

CSF removal via the lumbar route was accomplished 
by either single puncture/intermittently open drainage 
(LP, n  =  4) or by continuous drainage  (LD, n  =  5). 
One patient underwent a single puncture initially and a 
continuous drainage thereafter.

The amount of CSF removed by either LP or LD was 
23.5 ml/24 h  (mean, SD 16.41, range 0–40 ml) following 
lumbar access [Table 3].

The CT score ranged between a minimum of 5 and 
a maximum of 8 before starting CSF drainage and 
between 3 and 8 after CSF drainage  [Table  3]. In four 
patients the score showed no alteration. The score 
decreased  (indicating a reduction of the cisternal space) 
after CSF drainage in two patients, and increased in two 
patients. The decrease was without clinical consequences. 
Narrowing was observed in the prepontine cistern and 
the quadrigeminal cistern. One patient showed an uncal 
herniation on both sides after lumbar CSF withdrawal 
without mydriasis or other clinical signs of cerebral 
herniation  [Table  3]. Regarding the amount of CSF 

removed within the first 24 h, there was no statistically 
significant difference between the patients with a 
worsening of the imaging score  (31.5  ml, SD 10.6) and 
those with a stable or improved imaging score  (19.5  ml, 
SD 18.64, P = 0.45).

Lumbar CSF removal led to a reduction of ICP 
in all patients  [Figure  1; Table  3]. Mean ICP was 
22.3  mmHg  (SD 3.0) before CSF drainage and was 
13.9  mmHg  (SD 4.7) after drainage  (P  =  0.002). 
A constantly open lumbar CSF drainage was significantly 
more effective than a single LP  [Figure  1]. The ICP 
decreased by 13.2  mmHg  (mean, SD 3.0) with constant 
drainage and by 2.7  mmHg  (mean, SD 1.3) with 
intermittent open or single LP (P = 0.0003).

No severe adverse events were registered in association 
with the procedure in this cohort, especially no clinically 
evident case of herniation or infection associated with 
lumbar CSF removal. However, in one patient we 
observed radiological signs of uncal herniation on one CT 
scan.

A favorable outcome after 3  months was observed in 
three patients  (37.5%). Four patients attained a GOS of 

Table 2: Demographics and clinical data

Case no. Age Gender Etiology Surgery CSF drainage GCS GOS

1 62 M aSDH Osteoclastic craniotomy LP 9 4
2 65 F aSDH Osteoplastic craniotomy LP 3 3
3 38 M tSAH Nonsurgical treatment LD 7 4
4 70 F tSAH Nonsurgical treatment LP/LD 9 3
5 49 M EDH Osteoplastic/osteoclastic craniotomy LD n.d. 2
6 54 M tSAH Osteoclastic craniotomy LD 15 3
7 27 M aSDH Osteoplastic craniotomy LP 15 4
8 68 M tSAH, aSDH Nonsurgical treatment LD 13 3
M: Male, F: Female, aSDH: Acute subdural hematoma, tSAH: Traumatic subarachnoid hemorrhage, EDH: Epidural hematoma, ICP: Intracranial pressure, CSF: Cerebrospinal fluid, 
LP: Lumbar puncture or intermittent open drainage, LD: Lumbar drainage continuously open, n.d.: Not documented

Figure  1: A  decrease of the mean intracranial pressure before 
(ICP pre) and after (ICP post) lumbar CSF removal was observed in 
all patients. Continuous LD (grey) lowers ICP more effectively than 
single puncture/intermittent drainage  (black). Numbers denote 
case number [Table 2]
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3, whereas one patient remained in a persistent vegetative 
state (GOS 2).

DISCUSSION

The main findings of this study are, first, that it is safe 
to perform lumbar CSF removal in the setting of an 
increased ICP provided the basal cisterns are discernible 
and bilateral uncal herniation is absent. Second, 
the use of a score provides a structured approach to 
prepuncture image analysis and may add to the safety of 
the procedure. Third, continuous removal of CSF might 
be more effective than intermittent drainage.

TBI‑related intracranial hypertension is associated with 
poor outcome.[1] Drainage of CSF in patients with 
intracranial hypertension is known to be an effective way 
to decrease ICP.[12,19] However, lumbar CSF removal under 
these circumstances remains a controversial procedure 
due to the perceived risk of cerebral herniation and the 
risk of infection.[4,9] As a matter of fact, we performed 
the procedure only in selected patients attended in the 
neurosurgical intensive care unit, where a high level 
of nursing expertise regarding LD is available, after 
carefully evaluating all options for ICP management by 
interdisciplinary discussion.

In agreement with previous studies, we found that under 
these circumstances lumbar removal of CSF is highly 
effective and safe in the situation of elevated ICP after 
TBI.[1,8,11,19] Our data show a clear advantage of the use 
of a continuous LD as opposed to intermittent drainage 
or single LP. This is controversial. Nwachuku et al. tested 
the efficacy of intermittent versus continuous CSF 
removal via a supratentorial external ventricular drainage. 
They were able to show that a continuously open external 
ventricular drain was associated with significantly better 
ICP control.[13] In contrast, Kim et  al.[7] failed to show a 
difference between intermittent and continuous drainage 
in the setting of subarachnoid hemorrhage.

In our opinion, the most important step when evaluating 
a patient as a potential candidate for LD in the setting of 

an elevated ICP is the careful analysis of CT scans. Prior 
studies did only partially elaborate on this point.[1,8,11,19] 
By assigning a point value to the visibility of the basal 
cisterns and to the imaging signs of uncal and foraminal 
herniation, a structured approach to image analysis 
was accomplished with acceptable clinical results. 
Whether the score presented here, tentatively called 
the “Innsbruck Intracranial Reserve Score,” is able to 
distinguish patients in whom LP is feasible from those in 
whom this may not be the case, remains to be validated 
in internal as well as external prospective studies.

Although not statistically significant in our small, 
retrospective patient series, the amount of CSF removed 
via the lumbar route may play a role in patients whose 
imaging score worsened. We suggest that the lowest 
amount that effectively reduces the ICP should be 
removed. Future studies need to elaborate on this aspect.

We did not record any infection associated with 
lumbar CSF drainage. LD, especially when performed 
as a continuous drainage, might be associated with 
an increased risk of CSF infection.[3] However, Schade 
and Schinkel[17] reported that the risk of infection 
with continuous lumbar CSF drainage and the 
infection‑associated death remains low.

This study has limitations. The sample size is small and 
data analysis is retrospective. We therefore limited our 
analysis to the immediate effects of lumbar CSF removal 
on the ICP course. Whether this influenced the clinical 
outcome remains highly speculative.

CONCLUSION

Lumbar CSF drainage represents an efficient and safe 
treatment to reduce intracranial hypertension, provided 
the images prior to LP are carefully analyzed, the right 
conclusions are drawn, and nursing expertise in handling 
of the drainage is guaranteed. The newly introduced 
“Innsbruck Intracranial Reserve Score”, an image‑based 
score to predict the safety of lumbar CSF drainage, needs 
further validation in a larger prospective trial before its 
use can be recommended on a more general basis.
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